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SODPE OF WVF ( OF CONTRAC7

"The Contractor in consultation and cooperation wit-i the Government,

shall furnish tie facilities, personnel and other services as may be required

to conduct and adr-inister researc> on an environmental instnrumnt package for

ivil Defense ahelters

"The Contractor shall study and explore tie requirements for environ-

mental measurements, evaluate nethods of measurement and available instrumanta

with respect to tumplexity, reliability, cost and desirable modifications, and

prepare specifications for an instrument packave that is reliable, economical

and suitable for use with little training. The environmental iastrument package

shall be used for the detection of the exis3tence of' unsatisfactory environmental

conditions in she-ters as my be required by measuring temperature, humidity,

illuwinations, noise, oxygen concentration and the presence of noxious gases such

as cr.rbon dioxide, carbon monoxide, hydrogen and hydrocarbon vapors.

"The Contractor shall determine the adequacy of inetructions for use

and informtion for interpreting instrument readings, and shall determine the

requirements for packang and storing the Instrament".

Within the above quoted "Scope of Work of ',ontract" it was determined

that recommendations ,ere to be developed covering the folloing areas:

1. environwent-1L condl-t-2ons that constitute potential hazards and

those that do not.

2. the a1lowab,e tolerance limits of the hazardous condittons

3. hazards vhich are or are not, self-evident before their lethal

limits are reached

4. suitable tecbhalques wid instruments to monitor the hazards

5. specificatloars for procurement of instriment packages for three

sizes of shelter

6. &&quacy of instruction material for use by inerperlenced

personnel

7. moditicatioas and improvements to existing instrumentation.



APPROACH

The research under this contract was divided into the foll.,Wing t"skst

1. Comsult with authorities and review the literature on the selection

of hazarious conditions.

2. Review and evaluate the literature with reference to the physiologic&l

aspects of hav.ard exposure.

3. Bevew and evaluate the literature with reference to detection tech-

niques f r the hazards.

1. 8ol iit maninifctuA-irJ information and evaluate same for suitable

Instrumntation.

5-. srchase, test, and evaluate sample instruments.

6. Recommend and write specificatione for three sizes of instrummrt

package.

It was assumed, in this study, that three sizes of instrument penakaes

would bo required: Type I for more than 1000 occuparta, Type II for 10-1000

occupants, and Type III for less than 10 occupants The cost and co~plexity

of each would be in relation to the number of people within the shelter. Further,

it vas assumed that the time-in-shelter wou l be two veeks with effective seallng

of the shelter during the first twenty four hours.

A rview of research and tests dealing vItL this area of interest shovs:

1. Ihe components of an environmnt that may become dangerous and treat

wall rquie mitoring devices an temperature, relative huddit.y, differentia'

preS ej the concentrations of oxygen, carbon dioxide, carbon amoxide, nitrogen

4icide., hydropn, anu hby&carbon vapors in toxic and explosive concentrations.

2. 2be to emnce levels of these comoents are tim-dependent. They axe,

for a foureen day exposure:

a. topeqratur and relative hmdity (interrelated) - from 77 0 r and

100% relative h ddtY to 1120 7F and 10% relative humIdity upper

limit,, to 52 0?I and 10% - 100% relsative humidity lower limit.



b. differratt.'s pre .;s,-e (for shelter pressurizing only) - 0.2" W.G.
"I oxygen n entra~on 13% to 66% by volume

d. carbon dioxide concentration 5,000 ppm

e. carbon monoxide c:oncentration 20 ppm

f. nitrogen dioxide concentration 5 ppm

g. hydrncaiton vagor concentration. toxic 100 ppm

h. hyd:-ocarben vapor concentration, explosive 30,000 ppm

3. Design ranges for wnitorng instrumnts are:

a. temperature - 25°F to 125°F

b, relative hunddiLy - 0 to 100% relative humidity

c. differential pressure - 0 to 2.0" W.G.

d. oxygen, - 0 to 25% by volume

e. carbon dioxide - 0.5% to 5.0% by volume

f. carbon monoxide - 5 to 100 m

g. nitrogen dioxide - 2 to 10 ppm

h. hydrocarbon vapor, toxic - 25 to 100 rpm

i. hydrocarbon vapor, explosive - 0 to 100% concentration.

h. etectilon techniques suited to shelter requirements and personnel

are for -

a. temperature measurement, a liquid in glass or differeatial

expewuion tbermom ter

b. relative humidity measurement, a sling psychroweter or niial

mtam hygrometer

c. differential preamsz" wU%re-zAt, a liquid f. led manomter

or slack diaphragm Suge

d. oxygen conintation, a torsional nagnetic sunceptability

tV or depolarization ceLl type indicator

e. toxic gas cancentratims, glass tube indicators

f. explosive vapcr concentr=Uws, a therml combnustion indicator.



5. instrument packages for the 2'.ree sizes of -heiter have been

esalumited. A procurement specification for ach vii include -

a. pe I &helter - a bime+-l therwmeter, an animal membrane

hygrometer, a t Lube manomter, a susceptability type .ygen

detector, a therm] combustion type expz3ive %por detector,

and separate glase tube indicators for carbon monoxide, carbon

dioxide, nitrogen dioxide, and toxic hydrc-Arbon vapors.

b. Type II Shelter - a bimtal therimmter, a sling psychrometer,

a U-tube manometer, an Orsat Type oxygen detector, a therma

cobustion tVpe explosive vapor detector, and separate gla

tube indicators for carbon mnoxide, c&rbm dioxide, nitrogen

dioxide, and toxic hydrocarbon vapors.

c. Type III Shelter - a sling psychroeter and glass tube detectors

for carbo monoxide and carbon dioxide.

he itrumt evala.tioc e m revealed deficiencies in every device 4 ..

revisla to qxIsting equipmnit relate to.

-- a. Attach brief ojeruting instructions to the body of the evice

b Lbrated sales with maximum allowable concentrationsmakd
shul b.aitgrlpf of each device

a. Gv anticipated accuracy of readings with correction factors
" i /= fo- temperature and altitude

DO smhlf life of glass tube indicators to five years if possible,

t 0c u9ri'C materials and even the entiro device, in an airtight plastic

-A;i t components from deteriorating vapors.

st dise glass tube sisz, gs flow rate and W flow vol for

Ws o silar mntur. If this Is dam, than a sIngle air mover of urAwrsal

bei can be used with an ovemll saving in cost.



N ew Instnnents .

i , a. Effective emperature Indicat:r, A device can be made that

will incorporate the effects of temper-ture and humlcity in a single indica-

tion of Effective Temperatum. It is scl contained, requires no power and

continuously in operation. Ttie d*iice could replace both the the-mome er and

hygrometer in Selter Package3 at a saving in cost.

. . Filament type jRygrometer. The filament or hair hygrometer is

limited in use by the fragile nature og ,the sensing element. It is recommended

that the hair element be replaced bW'a plastic strip similar to those used in

present dL -ommmreisl humidistats.

-. $lass Tube Pbr qxygenk Glass tube detectors are available

for all other gases of interest in shelter work except oxygen. It lI recoamended

that development of such a tube bo tarried out for a detection range of 5% to

25% concentrmti.

- Oa rbon Dioxide Detectorv A unique method is under investigation

for measuring carboin dioxide in Mlr -on a continuous besis. It uses the vater

ionization principle and has potential as a small, inxpeneive device. Devel-

opmnt oaf such a device for shelte '.e should be encouraged.

/ 0. Uxposure Detectors. (A'ery interesting detector for carbon

mahoxide in presently made that has all the features of an excellent shelter

instrument. It is very mall (a dozen fit in the pocket) and requires only a

sealed envelope to be opened. Exposure of aL chemical to the gas changes the

chemical's color. Unfortunately, the device Is qualitative, not quiantitative,

so that a true hazard evaluation is difficult. It is recommended that devel-

opment of a device of this character be carried out, one that might have several

chemical sections, each sensitive to a different concentration of gas. What-

ever direction is taken, the present device illustrates that the problem can

b- solved.


